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© Cathode-ray tube. 

© A cathode-ray tube includes a face panel (12) having a substantially rectangular outer surface (12a) and an 
inner surface on which a phosphor screen (11) is formed. The outer surface of the face panel is defined by using 
orthogonal coordinates which has as the origin, a center of the outer surface of the face panel, X-axis, and a Y- 
axis, and by giving a value of z of an arbitrary point (x,y,z) on the outer surface by means of the following 
polynomial: 



Z = E. a i:) x2iy2j 
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where i and j are integers of zero or more, and n and are coefficients. When coefficients for determining a 
surface" shape of the outer surface of the face panel along the X-axis are represented by aio and 820, and 
coefficients for determining a surface shape of the outer surface along in the Y-axis are represented by aoi and 
ao2, the coefficients aio. 820, aoi , and ao2 are set to satisfy the following relationships: 
a2o/aio < 0.1 x 10 -6 , ao2/aoi < 0.1 x 10 -6 . 
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The present invention relates to a cathode-ray tube having a face panel. 

The envelope of a cathode-ray tube generally comprises a substantially rectangular face panel having 
an inner surface on which a phosphor screen is formed, and a funnel coupled with the face panel by frit 
glass and the like. The funnel has a neck portion extending to a side opposite to the face panel, and an 
5 electron gun assembly is incorporated in the neck portion. 

The outer and inner surfaces of the face panel are formed in a curved shape whose central portion 
projects outside such that distances between the deflection center of electron beams emitted from the 
electron gun assembly and a large number of scanned positions on the phosphor screen are set to be 
equal to each other as possible. The shape of the outer surface of the face panel is a very important factor 
70 which influences the performance of the cathode-ray tube itself and the visual impression of the cathode-ray 
tube. 

In recent years, as a method of expressing the shape of the outer surface of a face panel, the following 
method is often used. That is, by using orthogonal coordinates which uses as the origin 0, the center of the 
outer surface of the face panel, as an X-axis, a horizontal axis passing through the origin 0 and 
75 perpendicular to a central axis (Z-axis) of the envelope, and as a Y-axis, a vertical axis passing through the 
origin 0 and perpendicular to the Z-axis are used, and a decent amount z of an arbitrary point (x.y.z) on the 
outer surface is given by the following polynomial: 

20 Z = I ai1 x2iy2j 

where i and j are integers of zero or more, and n and are coefficients. 

25 When the shape of the outer surface of the face panel is to be defined by the above polynomial, setting 
of four coefficients aio, a2o, aoi , and ao2 of the coefficients ay is most important. The coefficients aio and 
a2o are coefficients for determining a curved shape along an x-axis (horizontal direction) of the outer surface 
of the panel, and the coefficients aoi and ao2 are coefficients for determining a curved shape along a y-axis 
(vertical direction) of the outer surface of the panel. The substantially entire curved surface of the outer 

30 surface of the face panel is determined by the above four coefficients. 

When the above four coefficients are improperly set, the following problem is posed. That is, when 
external light, e.g., light from fluorescent lamps in a room, is reflected on the outer surface of the face 
panel, the shape of the reflected external light image is unnaturally distorted, and the distorted image 
makes a user feel visually uncomfortable. In a conventional technique, in order to prevent external light from 

35 being reflected on the face panel, a special chemical treatment is performed to the outer surface of the face 
panel to cause the outer surface to be rough. The above surface treatment degrades the basic performance 
of a cathode-ray tube, e.g., resolution, and the manufacturing cost of the cathode-ray tube is increased by 
increasing the number of the steps in manufacturing the cathode-ray tube. 

The present invention has been contrived in consideration of the above circumstances, and its object is 

40 to provide a cathode-ray tube wherein even when external light is reflected on the outer surface of a face 
panel, the external light image is natural and does not make a user feel visually uncomfortable. 

In order to achieve the above object, in a cathode-ray tube according to the present invention, the 
shape of the outer surface of a face panel is suitable for preventing the distortion of an external light image 
reflected on the outer surface. 

45 That is, according to the present invention, a cathode-ray tube comprises a substantially rectangular 
face panel having an outer surface and an inner surface on which a phosphor screen is formed, wherein the 
shape of the outer surface of the face panel is defined by using orthogonal coordinates which uses, as an 
origin O, the center of the outer surface of the face panel, as an X-axis, a horizontal axis passing through 
the origin 0 and perpendicular to a centra! axis (Z-axis) of the funnel and having, and as a Y-axis, a vertical 

so axis passing through the origin O and perpendicular to the Z-axis, and by giving the value of z of an 
arbitrary point (x,y,z) on the outer surface by means of the following polynomial: 

Z = § aij x2iy2i 

55 

where i and j are integers of zero or more, and n and a^ are coefficients. 
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When coefficients for determining the surface shape of the outer surface of the face panel along the 
horizontal-axis are represented by aio and a 2 o. and coefficients for determining the surface shape along the 
vertical-axis are represented by aoi and aoa, the coefficients aio, a2o, aoi, and ao2 are set to satisfy the 
following relationships: 

5 

aio/a2o < 0.1 x 10~ 6 , aoi/ao 2 < 0.1 x 10~ 6 

As described above, a ratio of the quadratic coefficient aio to the quartic coefficient a2o of the outer 
surface of the panel along the horizontal axis and a ratio of the quadratic coefficient aoi to a quartic 
io coefficient ao2 of the outer surface of the panel along the vertical axis are set to be smaller than 0.1 x 10~ 6 , 
so that an abrupt change in curved surface depending on the quartic coefficients with respect to the 
horizontal and vertical axes, which determine the substantially entire shape of the curved surface, is 
suppressed. Therefore, the pattern of external light image reflected on the outer surface of the panel is free 
from distortion, and a natural and mirror-like pattern free from discomfort can be obtained. 
75 This invention can be more fully understood from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

Figs. 1 to 3 show a cathode-ray tube according to an embodiment of the present invention, in which: 
Fig, 1 is a perspective view schematically showing the cathode-ray tube, 
Fig. 2 is a longitudinal sectional view of the cathode-ray tube, and 
20 Fig. 3 is a front view showing a face panel on which a lattice-like external light image is reflected; and 

Figs. 4 and 5 are front views showing another face panels, respectively having different curved surface 
shapes, on which lattice-like external light images are reflected. 

An embodiment of the present invention will be described below in detail with reference to the 
accompanying drawings. 

25 As shown in Figs. 1 and 2, a cathode-ray tube according to this embodiment comprises an envelope 
10. The envelope 10 includes a substantially rectangular face panel 12 formed of glass, and a funnel 16 
coupled with a skirt portion 14 of the face panel by frit glass or the like. The face panel 12 has an inner 
surface on which a phosphor screen 11 is formed. The funnel 16 has a neck portion 18 extending to a side 
opposite to the face panel 12, and an electron gun assembly 20 is incorporated in the neck portion 18. 

30 In the envelope 10, a shadow mask 17 is arranged opposite to the phosphor screen 11. A deflection 
yoke 15 is arranged around the neck portion 18. Electron beams emitted from the electron gun assembly 
20 are deflected by the deflection yoke 15 and landed on the phosphor screen 11 through the shadow mask 
17. 

An outer surface 12a of the face panel 12 is formed in a curved shape to be described as follows. 

35 Specifically, the shape of the outer surface 12a of the face panel 12 is defined by using orthogonal 
coordinates which uses as the origin O, the center of the outer surface of the face panel, as an X-axis, a 
horizontal axis passing through the origin O and perpendicular to a central axis (Z-axis) of the envelope 10, 
and as a Y-axis, a vertical axis passing through the origin O and perpendicular to the Z-axis are used, and 
by giving the value of z of an arbitrary point (x.y.z) on the outer surface 12a, i.e., a distance (descent 

ao amount) from a plane Including the X- and Y-axes to the arbitrary point, by means of the following 
polynomial (1): 

z =J 3 a i3 x2i y 2 3 
where i and j are integers of zero or more, and n and ay are coefficients. 

In this" embodiment, of the coefficients aij in~polynomial (1), coefficients aio and a2o respectively 
so representing quadratic and quartic components of the outer surface of the panel along the X-axis and 
coefficients aoi and a©2 respectively representing quadratic and quartic components of the outer surface of 
the panel along the Y-axis are set as indicated by panel A of Table 1 . 



55 



4 



EP 0 553 838 A1 



5 



10 



30 



35 







O 












i 


rH 


vo 


I 




VO 




o 


o 


1 


o 


O 


1 


a 


f— 1 


rH 


O 


rH 


rH 


o 








rH 






rH 




X 


X 




X 


X 




r— I 






X 






X 


a 


CM 






CO 


r-» 




c 


cn 


in 


CM 




o 


00 




O 








CD 


o 


a 










• 






CM 


r^- 


m 


CM 


rH 


VO 












rH 






I 


CT> 
I 


vo 




rH 
| 


WO 




o 


o 




O 


o 


1 


0Q 


rH 


rH 


o 


rH 


rH 


o 








rH 






rH 




X 


* 




X 


X 




rH 






X 






X 




o 


IT) 




«H 


r» 




c 


VO 


CM 




rH 


o 


00 




CM 


o 


ID 


00 


CM 


o 










• 




• 




CM 


rH 


^J* 


CM 


CM 


o 






CM 






CM 






( 


rH 


VO 




rH 


vo 


^ — , 


O 


o 


I 


o 


o 


1 1 


< 


«H 


rH 


O 


rH 


rH 


o 








rH 






rH 




X 


X 




X 


X 










X 






X 


0) 


rH 


CJ\ 




O 


rH 




c 






in 


o 




TJ* 


03 


o 




o 


o 


o 


O 


a. 
















CM 


a\ 


o 


CM 


oo 


o 








o 






rH 








rH 






o 








03 






03 














\ 




O 


o 


O 


rH 


CM 


CM 




rH 


CM 


CM 


O 


o 


O 




03 


03 


03 


03 


03 


03 



That is, the coefficients are set as aio = 2.001 x 10"*, a 20 = 9.769 x 10 -12 , aoi = 2.000 x 10" 4 , and 
ao2 = 8.041 x 10~ 12 . The ratio ai 0 /a 20 of the quadratic coefficient to the quartic coefficient of the outer 
40 surface along the horizontal axis X is set as aio/a2o = 0.05 x 10~ e , and the ratio aoi/ao2 of the quadratic 
coefficient to the quartic coefficient of the outer surface along the vertical axis Y is set as aoi/ao2 = 0.04 x 
10~ 6 . Either ratio is smaller than 0.1 x 10" 6 . Specifically, according to this embodiment, the coefficients 
aio, a2o, aoi, and ao2 are set to satisfy the following relationships: 

45 aio/a 20 < 0.1 x 10" 6 , aot/ao2 < 0.1 x 10~ 6 

The present inventors prepared other face panels B and C respectively having different outer surface 
shapes to perform a test for comparing the face panels B and C with the face panel A having the outer 
surface which was formed to satisfy the above relationships, 
so Coefficients aio, a2o, aoi , and ao 2 for defining the outer surfaces of the panel B and C are set as shown 
in Table 1. 

In the panel B, a ratio of coefficients for the vertical axis Y, as in the panel A, is set as aoi/ao2 < 0.1 x 
10~ 6 , but a ratio of coefficients for the horizontal axis X is set as aio/a2o = 4.54 x 10~ 6 > 0.1 x 10" 6 . 

In the panel C, ratios of coefficients for the horizontal axis X and the vertical axis Y are set as aio/a2o = 
55 3.42 x 10" 6 and aoi/ao 2 = 6.08 x 10" 6 , respectively. Either ratio is considerably larger than 0.1 x 10" 6 , 
and especially, the ratio of each quartic component is set to be higher than that of this embodiment. 

When the face panels A, B, and C were used, and light sources, e.g., fluorescent lamps, arranged in the 
form of a lattice at equal intervals were placed in front of each of the panels with a predetermined distance, 
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the shapes of light source images reflected on the outer surfaces of the panels were observed, and the 
distortions of the light source images caused by the shapes of the outer surfaces of the panels were 
compared with each other. 

Figs. 3 to 5 show the light source images reflected on the outer surfaces of the face panels A, B t and C, 

5 respectively. As is apparent from Figs. 3 to 5, the light source image reflected on the panel A according to 
this embodiment has substantially equal lattice intervals on the horizontal and vertical axes X and Y, and a 
natural image having little distortion as a whole can be obtained. 

In contrast to this, in the panel B in which the ratio of coefficients aio/a2o for the horizontal axis X is 
larger than 0.1 x 10~ 6 , the light source image reflected on the outer surface has a lattice in which the lattice 

w intervals at the central portion of the outer surface are larger than those of the edge portions at the outer 
surface in the X-axis direction. 

In the panel C in which each of the ratios of coefficients ai 0 /a2o and aoi/ao2 for the horizontal and 
vertical axes X and Y is larger than 0.1 x 10~ 6 . the light image reflected on the outer surface has a lattice in 
which the lattice intervals at the central portion of the outer surface are larger than those of the edge portion 

15 at the outer surface in both the horizontal and vertical axes X and Y. 

Therefore, in the panels B and C, the light images reflected on the outer surfaces are entirely distorted 
and unnatural, and the distorted light images make the user feel visually uncomfortable. For this reason, 
when any one of ratios of coefficients ai 0 /a2o and aoi/ao2 for determining the substantially entire shape of 
the outer surface of a face panel is improperly set, i.e., is larger than 0.1 x 10~ 6 , a natural external light 

20 image having no distortion cannot be obtained. 

According to the cathode-ray tube of this embodiment having the above-mentioned arrangement, when 
a descent amount z of an arbitrary point on the outer surface of the face panel is given on the basis of 
polynomial (1) to define the shape of the outer surface of the panel, each of the ratios aio/a^o and aoi/ao2 of 
the quadratic coefficients to the quartic coefficients of the surfaces along the horizontal and vertical axes X 

25 and Y is set to be smaller than 0.1 x 10~ 6 . For this reason, the ratios of the quadratic component to the 
quartic component are optimal, and an external light image reflected on the outer surface of the face panel 
can be obtained as a natural image having no distortion. Therefore, a cathode-ray tube which does not 
make the user feel visually uncomfortable can be provided. In addition, the face panel need not be applied 
with a surface treatment for preventing reflection, inconveniences such as degradation of resolution and an 

30 increase in manufacturing cost do not occur. As a result, a cathode-ray tube having excellent performance 
and design can be provided, and a great industrial value can be obtained. 

Although the shape of the outer surface of the face panel is determined by the coefficients of not only 
the portions along the horizontal and vertical axes but also coefficients of all portions on the outer surface, 
the shape is almost determined by the coefficients of the portions along the horizontal and vertical axes. 

35 Therefore, when the coefficients aio, a 2 o, aoi, and ao 2 are set to satisfy the above-mentioned relationships, 
the above described advantages can be obtained. 

The present invention is not limited to the above-described embodiment, and various changes and 
modifications can be effected without departing from the spirit and scope of the invention. 
For example, if the coefficients aio, a 2 o, aoi , and ao2 are set to satisfy the relationships: 

40 ato/a 2 o < 0.1 x 10" 6 , aoi/a<>2 < 0.1 x 10~ 6 , practical numerical values of the coefficients themselves can 
be variably changed as needed. 

Claims 

45 1. A cathode-ray tube comprising: 

a face panel (12) having a substantially rectangular outer surface (12a) and an inner surface on 
which a phosphor screen (11) is formed; 

a funnel (16) coupled with said face panel; and 

means (20) arranged in the funnel, for emitting an electron beam toward the phosphor screen, 
so wherein said outer surface of the face panel is defined by using orthogonal coordinates which uses 

as the origin, a center of the outer surface of the face panel, as an X-axis, a horizontal axis passing 
through the origin O and perpendicular to a central axis (Z-axis) of said funnel, and, as a Y-axis, a 
vertical axis passing through the origin O and perpendicular to the Z-axis, and by giving a value of z of 
an arbitrary point (x,y,z) on the outer surface by means of the following polynomial: 

55 

n 

Z - E. aijx2i y 2j 
J- » 3 



6 



EP 0 553 838 A1 



where i and j are integers of zero or more, and n and a^ are coefficients; 
characterized in that: 

when coefficients for determining a surface shape of the outer surface (12a) of the face panel (12) 
along the X-axis are represented by aio and a^o, and coefficients for determining a surface shape of 
5 the outer surface along in the Y-axis are represented by aoi and ao2, the coefficients aio, a 2 o, aoi , and 
ao2 are set to satisfy the following relationships: 

aio/a 2 o < 0.1 x 10~ 6 , aoi/ao2 < 0.1 x 10" 6 . 

w 2. A tube according to claim 1, characterized in that said coefficients aio and a 2 o represent a quadratic 
component and a quartic component of the outer surface of the face panel along the X-axis, 
respectively, and the coefficients aoi and ao 2 represent a quadratic component and a quartic 
component of the outer surface of the face panel along the Y-axis, respectively. 
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